AD 


GRANT  NO;  DAMD17-93-J-3005 


TITLE:  INSULIN-LIKE  GROWTH  FACTOR  II  AS  A  PROGNOSTIC  INDICATOR 

IN  BREAST  CANCER 


PRINCIPAL  INVESTIGATOR:  Kevin  J.  Cullen,  M.D. 


CONTRACTING  ORGANIZATION:  Georgetown  University 

37th  and  O  Street 
Washington,  DC  20057 


REPORT  DATE:  January  14,  1995 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT;  Approved  for  public  release; 

distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


19950713  027 


DTI®  QUALITZ  m&TECTED  8 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0788 


1.  AGENCY  USE  ONLY  (Leave  biank) 


i  4.  TITLE  AND  SUBTITLE 


2,  REPORT  DATE 

1/14/95 


3.  REPORT  TYPE  AND  DATES  COVERED 
Annual  12/15/93  to  12/14/94 


Insulin-like  growth  factor  II  as  a  prognostic  indicator 
in  breast  cancer  _ 


6.  AUTHOR(S) 


Kevin  J.  Cullen,  M.D. 


7.  PERFORMING  ORGANIZATION  NAME{S)  AND  ADDRESS(ES) 

Georgetown  University 
37th  and  0  Street 
Washington,  DC  20057 


9.  SPONSORING/ MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


5.  FUNDING  NUMBERS 


DAMD  17,-93-J-3005 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


1 0.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release:  distribution  unlimited 


13.  ABSTRACT  (Maximum  200  words) 

Insulin-like  growth  factor  II  is  a  potent  mitogen  for  breast  tumor  epi¬ 
thelium.  The  purpose  of  this  study  is  to  analyze  IGF-II  expression  in  a  series 
of  breast  tumor  biopsy  specimens  and  determine  whether  IGF-II  expression 
relates  to  clinical  indicators  and  outcome.  We  have  processed  over  300  cases 
by  in  situ  hybridization  and  immunohistochemistry.  Of  240  cases  scored  so  far, 
IGF-II  protein  expression  was  absent  in  16%,  low  in  23%,  moderate  in  43%  and 
high  in  18%.  These  data  correlate  well  with  the  data  obtained  by  in  situ  hyb¬ 
ridization.  Preliminary  correlation  with  clinical  parameters  and  outcome 
shows  that  IGF-II  expression  may  be  associated  with  poor  prognosis  in  patients 
who  are  negative  for  estrogen  and  progesterone  receptor. 


DTltt 


i  mbriilOTED  6 


14.  SUBJECT  TERMS 


Breast  Cancer,  Prognosis,  Insulin-like  growth  factor  II 


15.  NUMBER  OF  PAGES 

\/C  - 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  1 18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  I  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified _ Unlimited 

M<M  ?Rn  SSOQ - - -  ‘  Standard  Form  298  (Rev.  2-89) 

NSN  7540-01-280-5500  Pr.«fie«i  by  ansi  std  Z39->8 


GENERAL  INSTRUCTIONS  FOR  COMPLETING  SF  29a 


The  Report  Documentation  Page  (RDP)  is  used  in  announcing  and  cataloging  reports.  It  is  important 
that  this  information  be  consistent  with  the  rest  of  the  report,  particularly  the  ccjver  and  title  page. 
Instructions  for  filling  in  each  block  of  the  form  follow.  It  is  important  to  stay  within  the  lines  to  meet 
optical  scanning  requirements. 


Block  1.  Agency  Use  OnW  (Leave  blank 


Block  2.  Report  Date.  Full  publication  date 
including  day,  month,  and  year,  if  available  (e.g.  1 
Jan  88).  Must  cite  at  least  the  year. 

Block  3.  Tvoe  of  Report  and  Dates  Covered. 


State  whether  report  is  interim,  final,  etc.  If 
applicable,  enter  inclusive  report  dates  (e.g.  10 
jun87-30Jun88). 

Block  4.  Title  and  Subtitle.  A  title  is  taken  from 


the  part  of  the  report  that  provides  the  most 
meaningful  and  complete  information.  When  a 
report  is  prepared  in  more  than  one  volume, 
repeat  the  primary  title,  add  volume  number,  and 
include  subtitle  for  the  specific  volume.  On 
classified  documents  enter  the  title  classification 
in  parentheses. 

Blocks.  Funding  Numbers.  To  include  contract 
and  grant  numbers;  may  include  program 
element  numberfs),  project  number(s),  task 
numberfs),  and  work  unit  number(s).  Use  the 
following  labels: 


Contract 

PR  - 

Project 

Grant 

TA  - 

Task 

Program 

WU  - 

Work  Unit 

Element 

Accession  No. 

Blocks.  Author(s).  Name(s) of  person(s) 
responsible  for  writing  the  report,  performing 
the  research,  or  credited  with  the  content  of  the 
report.  If  editor  or  compiler,  this  should  follow 
the  namefs). 

Block?.  Performing  Organization  Name(s)  and 


Address(es).  Self-explanatory. 

Block  8.  Performing  Organization  Report 


Number.  Enter  the  unique  alphanumeric  report 
numberfs)  assigned  by  the  organization 
performing  the  report. 

Blocks.  SDonsorino/Monitorino Agency  Name(s) 
and  Address(es).  Self-explanatory. 


Block  10.  Soonsorino/Monitorino  Aoenc 


Report  Number,  (if  known) 

Block  11.  Supplementary  Notes.  Enter 
information  not  inciui^ed  elsewhere  such  as: 
Prepared  in  cooperation  with...;  Trans,  of...;  To  be 
published  in....  When  a  report  is  revised,  include 
a  statement  whether  the  new  report  supersedes 
or  supplements  the  older  report. 


Block  12a.  Distribution/Availabilitv  Statement. 


Denotes  public  availability  or  limitations.  Cite  any 
availability  to  the  public.  Enter  additional 
limitations  or  special  markings  in  all  capitals  (e.g. 
NOFORN,  REL,  ITAR). 


See  DoDD  5230.24,  'Distribution 
Statements  on  Technical 
Documents.' 

See  authorities. 

See  Handbook  NHB  2200.2. 
Leave  blank. 


DOE 

NASA 

NTIS 


Block  12b.  Distribution  Code. 


NASA- 
NT1S  - 


Leave  blank. 

Enter  DOE  distribution  categories 
from  the  Standard  Distribution  for 
Unclassified  Scientific  and  Technical 
Reports. 

Leave  blank. 

Leave  blank. 


Block  13.  Abstract.  Include  a  brief  fMax/mum 
200  words)  factual  summary  of  the  most 
significant  information  contained  in  the  report. 

Block  14.  Subject  Terms.  Keywords  or  phrases 
identifying  major  subjects  in  the  report. 

Block  15.  Number  of  Pages.  Enter  the  total 
number  of  pages. 

Block  16.  Price  Code.  Enter  appropriate  price 
code  (NTIS  only). 

Blocks  17. -19.  Security  Oassifications.  Self- 


explanatory.  Enter  U.S.  Security  Classification  in 
accordance  with  U.S.  Security  Regulations  (i.e.,  ! 

UNCLASSIFIED).  If  form  contains  classified 
information,  stamp  classification  on  the  top  and 
bottom  of  the  page. 

Block  20.  Limitation  of  Abstract.  This  block  must 


be  completed  to  assign  a  limitation  to  the 
abstract.  Enter  either  U L  (unlimited)  or  SAR  (same 
as  report).  An  entry  in  this  block  is  necessary  if 
the  abstract  is  to  be  limited.  If  blank,  the  abstract 
is  assumed  to  be  unlimited. 


standard  Form  298  Back  (Rev.  2-89) 


#U.S.GPO:  1 991-0-305-776 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recomroendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  US 
Army. 


Where  copyrighted  material  is  quoted,  permission  has  been 
obtained  to  use  such  material. 

Where  material  from  documents  designated  fot  limited 
distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 

Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Depar'toent  of  Airmy 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

In  conducting  research  using  animals,  the  investigator ( s ) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals , "  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  National 
Research  Council  (NIH  Publication  No.  86—23,  Revised  1985). 

For  the  protection  of  human  subjects,  the  investigator (s) 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator  ( s )  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

In  the  conduct  of  research  utilizing  recoi^inant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 

In  the  conduct  of  research  involving  hazardous  organisms, 
the  investigator  (s)  adhered  to  the  CDC— NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


PI- 


Kevin  J.  Cullen,  M.D. 
Grant  DAMD17-93-J-3005 
Annual  Report 
January  1995 


Table  of  Contents 


Introduction 

Body 

Appendix 

References 

Conclusions 


Pages  5-7 
Pages  7-13 
Page  14 

Pages  15-16 

Page  13 


Insulin-like  growth  factor  il  as  a  prognostic  variabie  in  breast  cancer. 

Kevin  J.  Cullen,  PI 

Annual  Report  -  January  1995 


Introduction 

The  objective  of  this  project  is  to  examine  the  role  of  Insulin-like  growth  factor  II 
(IGF-II)  in  interactions  between  stromal  and  epithelial  cells  in  human  breast  cancer. 

The  fundamental  hypothesis  for  this  work  is  that  IGF-II  produced  by  breast  tumor 
stroma  is  an  essential  and  active  participant  in  the  process  of  malignant  tumor 
progression.  While  the  coordinated  growth  of  stromal  and  epithelial  elements  is 
necessary  for  tumor  survival,  the  specifics  of  the  growth  enhancing  interactions 
between  these  cell  types  is  not  clearly  defined.  We  hope  that  these  studies  will  provide 
a  better  understanding  of  the  growth  promoting  relationships  between  breast  tumor 
stromal  and  epithelial  cells  and  may  help  to  identify  new  therapeutic  targets  for  more 
rational  and  effective  breast  cancer  treatment. 

In  the  last  decade,  a  large  body  of  experimental  evidence  has  emerged 
regarding  the  importance  of  peptide  growth  factors  in  the  regulation  of  breast  cancer 
and  other  malignancies. Among  the  various  families  of  peptide  growth  factors,  the 
insulin-like  growth  factors,  IGF-I  and  IGF-II,  are  part  of  a  group  of  ligands,  receptors  and 
binding  proteins  which  have  a  significant  role  in  normal  development  and  growth.  IGF-I 
mediates  the  effects  of  growth  hormone,  while  IGF-II  appears  to  be  an  important  fetal 
growth  factor  with  unknown  function  in  adult  life.^  '*  ® 

Pre-clinical  data 

Several  groups,  including  our  own,  have  previously  shown  that  IGF-I  and  IGF-II 
are  potent  mitogens  for  breast  cancer  epithelial  cells.  ®  ®  We  have  shown  that  while 
surgical  breast  tumor  specimens  express  both  IGF-I  and  IGF-II  on  an  mRNA  level.®  ’® 
However,  studies  of  cultured  breast  tumor  epithelial  cells  as  well  as  in  situ  hybridization 
studies  suggested  that  the  IGF  expression  was  primarily  originating  in  the  stroma  of  the 
breast  rather  than  in  tumor  epithelium.  IGF-II  message  appeared  to  originate  in  tumor 
stroma,  while  IGF-I  message  arose  from  stroma  in  normal  breast.®  ’®  ” 

Since  these  data  suggested  that  tumor  IGF  production  originates  in  stroma 
rather  than  epithelium,  we  examined  primary  cultures  of  breast  fibroblasts  derived  from 
benign  and  malignant  lesions  for  expression  of  various  growth  factors,  including  IGF-I 
and  IGF-II.’2  The  results  are  summarized  on  Table  1 .  The  most  significant  finding  from 
this  study  is  that  the  majority  of  fibroblasts  derived  from  malignant  lesions  expressed 
IGF-II,  while  the  majority  of  fibroblasts  from  benign  lesions  expressed  IGF-I.  No  tumor 
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specific  differences  in  gene  expression  were  observed  with  any  of  the  other  growth 
factors  examined.  This  further  supports  the  notion  of  a  paracrine  growth  promoting  role 
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ND 
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Tumor 

559 

- 

+ 
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ND 

ND 
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995 
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- 

+ 

- 

- 

+ 

+ 

+ 
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Table  1.  Growth  factor  mRNA  expression  by  breast  fibroblast  cell  lines. 

Key:  IGF-I  =  Insulin-like  growth  factor  i;  IGF-II  =  Insulin-iike  growth  factor  il;  PDGF  A  =  Platelet  derived  growth 
factor  A  chain;  PDGF  B  =  Platelet  derived  growth  factor  B  chain;  TGF  a  -  Transforming  growth  factor  alpha; 
TGF-IJ1  =  Transforming  growth  factor  beta  1 ;  basic  FGF  =  basic  Fibroblast  Growth  Factor;  FGF-5  =  Fibroblast 
growth  factor  5;  ND  =  not  done. 

for  the  insulin-like  growth  factors  in  breast  lesions,  and  suggests  that  IGF-II  may  be  the 
more  important  growth  promoter  in  malignant  lesions. 

Since  our  results  suggested  that  IGF-II  might  be  serving  as  a  paracrine  growth 
stimulant  in  breast  cancer,  we  asked  whether  overexpression  of  IGF-II  by  a  breast 
tumor  epithelial  cell  line  could  confer  phenotypic  changes  associated  with  malignant 
progression  in  breast  cancer,  such  as  loss  of  estrogen  dependence  for  growth.  We 
infected  a  well  differentiated,  estrogen-dependent  breast  tumor  epithelial  cell  line  (MCF- 
7)  with  a  retroviral  vector  containing  the  coding  sequence  for  the  IGF-II  pre-prohormone 
along  with  a  constitutive  CMV  promoter  sequence.  MCF-7  cells  do  not  normally  express 
IGF-I  or  IGF-II.' 

All  IGF-II  overexpressing  clones  showed  marked  phenotypic  changes  associated 
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with  malignant  progression  i.e.  growth  on  plastic  in  the  complete  absence  of  estrogen, 
cloning  in  soft  agar  without  estrogen.  Wild-type  MCF-7  cells  and  control  cells  infected 
with  an  irrelevant  DNA  sequence  showed  none  of  these  properties.^^ 

Finally,  we  have  developed  co-culture  models  which  demonstrate  that  soluble 
factors  produced  by  tumor  derived  fibroblasts  are  markedly  mitogenic  for  breast  tumor 
epithelial  cells,  and  that  these  mitogenic  effects  can  be  inhibited  by  an  antibody  which 
blocks  the  IGF-I  receptor,^"*  implying  stromal  IGF-II  is  the  source  of  the  mitogenic  signal 


The  present  study 

Recent  work  in  other  centers  has  suggested  that  biochemical  markers  such  as  c- 
erb-b2  and  cathepsin  D  can  be  significant  independent  prognostic  indicators  in  breast 
cancer^®  with  great  potential  clinical  utility.  In  light  of  the  laboratory  data  discussed 
above,  it  is  therefore  reasonable  to  ask  if  the  same  applies  to  IGF-II. 


BODY 

Materials  and  Methods 

IGF-II  in  situ  hybridization 

The  in  situ  hybridization  protocol  was  modified  from  the  procedure  of  Bondy,  et 

IGF-II  Riboprobe  :  The  IGF-II  cDNA  was  kindly  provided  by  Dr.Graeme  Bell  (Howard 
Hughes  Institute,  Chicago,  IL).  An  833  base  pair  Psf/ fragment  was  sub  cloned  into  a 
pGEM4  vector  (Promega,Madison,WI).  The  vector  was  linearized  with  RSAI,  providing 
a  template  for  an  antisense  riboprobe  protecting  a  336  base  pair  mRNA  fragment. 
Labeled  antisense  RNA  was  transcribed  using  T7  polymerase  according  to  the 
manufacturer(Promega).  Labeled  sense  RNA  transcribed  using  SP6  polymerase  was 
utilized  for  the  negative  control.  Probes  were  double  labelled  with  ®®S-UTP  and  ^®S- 
CTP(Amersham-  Arlington  Heights,  IL)  to  increase  specific  activity. 

In-Situ  Hybridization  :  5  micron  sections  were  cut  from  paraffin  blocks  and  mounted  on 
sialinized  slides.  The  sections  were  deparaffinized  and  rehydrated  through  a 
progressive  ethanol  series.  The  sections  were  digested  with  1  mcg/ml  proteinase  K  in 
100  mM  TRIS-50  mM  EDTAfor  30  minutes  a  37  C.  After  washing  in  DEPC  ddH20,  the 
sections  were  acetylated  for  10  minutes  at  room  temperature(RT)  in  fresh  acetic 
anhydride,  diluted  1:400  in  0.1  triethanolamine,  pH:8.0.  The  sections  were  then 
dehydrated  in  an  ascending  ethanol  serie  and  air  dried  for  1  hour.  The  tissues  were 
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hybridized  with  3X10^cpm/ml  labeled  antisense  RNA  in  50%  formamide,  10%  dextran 
sulfate,  50mM  Tris  pH:8,  2.5mM  EDTA,  2.5%  Denhardt's,  0.2  M  NaCI,  and  250mcg/ml 
yeast  tRNA.  The  slides  were  coversliped  and  placed  in  humid  chamber  sealed  with 
paraffin  at  55°C  overnight.  After  hybridization,  the  slides  were  placed  in  a  shaking  bath 
in  4X  SSC  at  room  temperature  until  the  coverslips  floated  off.  The  slides  were  then 
washed  in  four  changes  of  4X  SSC,  five  minutes  each.  Next,  the  tissues  were  placed  in 
50%  formamide  for  10  minutes  at  60°C.  The  slides  were  then  dipped  in  2XSSC,  with 
2ml  1M  DTT,  followed  by  incubation  with  RNase  A  20  mcg/ml  in  0.5M  NaCI,  Tris  10 
mM  pH8,  EDTA  ImM,  2ml  DTT.  The  final  washes  consisted  of  decreasing 
concentrations  of  SSC  (2X,  IX,  0.5X  for  5  minutes  each  at  RT,  0.1X  for  15  minutes  at 
50°C  and  0.1X  to  cool).  Sections  were  dehydrated  through  an  ascending  ethanol  series 
and  the  air  dried  for  1  hour.  The  sections  sections  were  then  exposed  to  Hyper  film- 
beta  max  (Amersham)for  3  days  to  check  the  completeness  of  washing.  If  further 
washing  was  necessary  the  sections  were  rehydrated  and  rewashed.  The  sections 
were  then  exposed  to  NTB-2  emulsion  (Eastman  Kodak, Rochester, NY)  for  three 
weeks.  The  emulsion  was  developed  with  D19  solution  for  4  minutes  at  15°C. 
Developing  was  stopped  with  in  a  solution  of  200  ml  ddH20  with  1 .33  ml  glacial  acetic 
acid,  and  the  slides  were  fixed  in  30%  Sodium  Thiosulfate  for  3  minutes.  The  slides 
were  washed  and  placed  in  ddH20  for  10  minutes.  The  sections  were  then  stained 
with  hematoxylin  and  eosin,  dehydrated,  and  coverslipped. 

A  time  course  study  of  the  hybridization  reaction  showed  maximum  signal  after 
overnight  incubation  at  55°C.  Background  signal  increased  significantly  after  this  period 
without  increase  in  specific  hybridization  signal.  Riboprobe  synthesized  in  the  sense 
direction  was  used  as  a  negative  control  in  all  assays.  All  control  samples  were  noted 
to  have  some  IGF-II  mRNA  detected  in  the  smooth  muscle  walls  of  blood  vessels.  This 
served  as  an  intrasample  control.  Any  breast  tumor  specimens  which  did  not  show 
some  specific  signal  in  blood  vessel  walls  was  excluded  from  subsequent  analysis. 

For  each  sample,  10  high  power  fields  within  the  tumor  were  analyzed,  and  specific 
clusters  of  silver  grains  were  counted,  corresponding  to  a  cell  which  expressed  IGF-II 
mRNA.  Based  on  these  counts,  the  tumors  were  divided  into  tumors  were  divided  in 
four  groups  based  on  the  level  of  IGF-II  mRNA  signal:  0  (absent),  +  (low),  ++ 
(intermediate)  and  +++  (high).  For  some  of  the  subsequent  statistical  analysis,  the 
negative  and  +  scores  were  grouped  together,  as  were  the  ++  and  +++  scores. 

IGF  II  Immunohistochemistry 

Anti  IGF-II  antibody:  We  used  a  polyclonal  rabbit  antibody  raised  against  intact  human 
recombinant  IGF-II  peptide,  generously  provided  by  Dr.  Judith  Heisserman  (Lilly 
Research  Labs,  Eli  Lilly  Corporation,  Indianapolis,  IN).  Antibody  specificty  was 
confirmed  by  ELISA,  wich  showed  less  than  10%  cross  reactivity  with  recombinant 
IGF-I  and  no  reactivity  with  recombinant  epidermal  growth  factor  (EGF).  Additionally, 
the  antibody  was  affinity  purified  using  intact  recombinant  peptide.  Affinity  purified 
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antibody  showed  identical  staining  and  reactivity  in  the  ELISA  as  that  obtained  with 
polyclonal  antibody. 

Immunohistochemical  staining:  Paraffin  sections  were  deparaffinized  and  rehydrated 
through  progressive  ethanol  series.  The  slides  were  washed  in  PBS  and  incubated  with 
normal  goat  serum  for  20  minutes  at  room  temperature.  The  primary  IGF-II  antibody 
was  diluted  1:2000  in  PBS  containig  1%  BSA  and  1%  sodium  azide  and  incubated  on 
the  tissue  sections  at  4°C  overnight.  The  slides  were  then  rinsed  twice  in  PBS  for  3  min. 
each  wash.  The  reaction  was  visualized  with  Biogenix  multilink  system  (Biogenix  -  San 
Ramon,  CA).  The  streptavidin/alkaline  phosphatase  linked  secondary  antibody  was 
incubated  for  20  minutes  at  room  temperature.  The  labelled  secondary  antibody  was 
detected  with  the  chromagen  fast  red. 


Results 


Representative  photographic  results  of  the  in  situ  hybridization  and 
immunohistochemistry  are  presented  below. 


Figure  1  -  IGF-II  in  situ 
hybridization  in  an 
infiltrating  ductal  breast 
carcinoma.  Silver  grains 
representing  IGF-II  MRNA 
expression  are  seen  over 
specific  stromal  cells  (black 
arrows)  but  not  over  tumor 
epithelial  cells  (white  arrows). 
This  indicates  that  IGF-II 
expression  in  most  breast 
tumors  is  stromal  in  origin 
and  exerts  a  paracrine  effect 
on  tumor  epithelium. 
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Figure  2.  IGF-ll  immunohistochemistry  in  an  infiltrating  ductal  carcinoma.  IGF-II  expressing  stromal 
cells  stain  red,  while  tumor  adjacent  tumor  epithelium  shows  little  discernable  staining. 

To  date,  we  have  processed  over  300  surgical  specimens  for  both  IGF-II  in  situ 
hybridization  and  immunohistochemistry.  These  include  over  70  cases  from  a  separate 
institution,  which  will  be  used  to  validate  the  data  from  the  Georgetown  cases.  All 
cases  have  been  pathologically  scored.  Complete  correlation  with  clinical  data  has 
been  finished  for  the  first  80  of  these.  We  are  currently  scoring  the  final  cases,  and 
completing  the  compilation  of  clinical  information  for  the  most  recent  additional  cases, 
and  are  correlating  the  clinical  staging  and  outcome  data  with  the  IGF-II  scoring. 

IGF-II  in  situ  and  immunohistochemistry  scores  for  the  cases  analyzed  so  far  are  as 
follows: 


IGF-II  Score 

In  situ  hybridization 

immunohistochemistry 

Negative 

53  (23%) 

39  (16%) 

Low  (+) 

77  (33%) 

56  (23%) 

Moderate  (++) 

68  (29%) 

103  (43%) 

High  (+++) 

36  (15%) 

42(18%) 

Total 

234 

240 
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Table  2.  IGF-II  in  situ  hybridization  and  immunohistochemistry  scores  for  240  consecutive  breast 
cancer  specimens.  The  distribution  of  both  scores  is  similar,  although  the  average  score  for 
Immunohistochemistry  is  somewhat  higher  than  for  in  situ  hybridization,  possibly  reflecting  a  greater 
sensitivity  for  that  technique. 


While  we  have  now  performed  immunohistochemical  and  in  situ  analysis  on  300 
specimens,  we  have  completed  clinical  correlation  and  statistical  analysis  on  the  first  80 
specimens. 


Nuclear  Grade  and  lymph  node  involvement 

The  distribution  of  nuclear  grade  was  as  following:  18(22.8%)  grade  1 ,  39  (49.4%) 
grade  2,  22  (27.8%)  grade  3.  Axillary  lymph  node  involvement  was  found  in  47  cases 
(59.5%) 

ER  and  PR  status 

Thirty  two  (40.5%)  out  of  79  tumors  were  ER,  PR  positive  (ER+PR+),  17  (21 .5%) 
ER+PR-,  7  (8.9%)  ER-PR+  and  23  (29.1%)  ER-PR-.  The  nuclear  immunostaining  was 
located  only  in  malignant  epithelial  cells  (  Fig.1).  No  ER  or  PR  staining  presence  was 
seen  in  the  stroma  of  the  tumor. 

Proliferating  activity 

High  proliferating  activity  (>  10%  immunoreactive  tumor  cells)  was  found  in  24  of  77 
cases  (31.1%). 

ras,  c-erb-B2,  p53 

Thirty  six  (46.7%)  of  77  tumors  were  positive  for  p21  protein,  20  (25.8%)  for  p185  and 
12  (15.6%)  for  p53. 

IGF-II  in  situ 

Two  tumors  had  no  significant  (O)IGF-II  and  35  had  low(+)  IGF-II  mRNA  expression,  20 
and  18  showed  moderate(++)  or  high(+++)  IGF-II  mRNA  content,  respectively.  Thus, 
the  0,  +  group  included  37(49.4%)  cases  and  the  ++,  +++  group  comprised  38  cases 
(50.6%).  The  IGF-II  mRNA  signal  was  generally  located  in  the  stromal  component  of 
the  tumor,  usually  tightly  adjacent  to  the  malignant  epithelial  cells.  (Fig.2)  Furthermore, 
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higher  iGF-ll  mRNA  expression  was  present  in  the  loose  stroma  rather  than  in  dense 
(established)  stroma. 


Correlation  study 

IGF-ll  in  situ  vs  menopausal  status  :  no  statistical  relation  was  found  between 
IGF-ll  mRNA  and  menopausal  status. 

IGF-ll  in  situ  vs  node  involvement  and  tumor  size:  no  relationship  was  found 
between  IGF-ll  mRNA  content  and  node  status  or  number  of  metastatic  nodes. 

Similarly  no  relationship  was  present  with  tumor  size. 

IGF-ll  in  situ  vs  nuclear  grade  :  no  relationship  was  found  between  IGF-ll 
expression  and  nuclear  grades  of  the  tumors. 

IGF-ll  in  situ  vs  ER  and  PR .  Higher  IGF-ll  mRNA  was  detected  in  ER+PR+ 
tumors  (67.8%)  than  in  the  others  ER/PR  classes  (p<0.05)  (Tab.1).  When  ER  and  PR 
were  separately  examined,  no  relationship  was  found  between  ER  and  IGF-ll 
expression.  Opposite  results  were  obtained  for  PR:  twenty-four  out  of  35  (68.6%)  PR+ 
tumors  had  high  IGF-ll  expression  and  11  (31 .4%)  low  or  absent  IGF-ll  mRNA  content. 

In  contrast,  most  tumors  which  expressed  undetectable  or  low  IGF-ll  levels  (65%)  were 
also  PR-.  The  relationship  between  PR  status  and  IGF-ll  expression  was  significant 
(p<0.01)  (Tab. 2).  Furthermore,  IGF-ll  mRNA  content  was  directly  related  with  both 
percentage  values  (p=0.006)  and  staining  intensity  (p=:0.003)  of  PR  positive  cells. 

ER  and  PR  vs  stromal  proliferation  :  Twenty-two  of  36  (61.1%)  tumors  with 
marked  stromal  proliferation  were  ER+PR+.  In  contrast,  ER+PR+  was  detected  in  10 
out  of  43  (23.2%)  tumors  with  faint  stromal  proliferation.  The  relationship  between  ER, 
PR  status  and  desmoplasia  were  significant  (p<0.01).  The  separate  analysis  of  ER 
and  PR  showed  that  this  correlation  was  present  only  for  PR  (p<0.01).  In  fact,  28  out  of 
36  (77.8%)  specimens  with  marked  stromal  proliferation  were  PR+  and  8  (22.2%)  were 
PR-.  Interestingly,  the  relation  between  PR  and  stromal  proliferation  was  independent 
of  IGF-ll  mRNA  expression  as  shown  by  multi  variate  analysis.  Finally,  no  relationship 
was  found  between  desmoplasia  and  ER  status. 

IGF-ll  vs  proliferating  activity::  IGF-ll  mRNA  expression  was  not  related  with 
proliferating  activity  assessed  by  Ki  67 

IGF-ll  vs  oncogene  protein  products:  p53,  p21  and  pi 85  were  not  related  to  IGF- 
ll  mRNA  expression 

IGF-ll  and  clinical  outcome  :  Generally,  IGF-ll  mRNA  was  not  related  to  survival. 
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However  the  expression  of  IGF-II  mRNA  modified  the  predictive  value  of  both  ER  and 
PR.  In  fact,  the  four  yr  survival  of  the-  patients  with  high  tumor  IGF-II  mRNA  content 
was  significant  lower  in  the  absence  of  ER  (p=0.007)  or  PR  (p=0.01)  Finally,  the 
presence  and  the  content  of  IGF-II  mRNA  did  not  modify  the  prognosis  in  the  patients 
with  positive  nodes. 

CONCLUSION 

Our  data  indicate  that  IGF-II  mRNA  and  protein  are  expressed  in  the  stroma  of 
the  majority  of  breast  cancers.  Correlative  analysis  of  the  first  80  cases  indicates  that 
IGF-II  mRNA  may  confer  a  poor  prognosis  in  estrogen  receptor  negative  patients. 

At  the  present  time  we  have  processed  over  300  clinical  specimens.  We  are  in 
the  process  of  finishing  scoring  for  those  cases,  and  correlating  the  results  of  our 
analysis  with  the  clinical  data  on  each  case.  The  results  discussed  above  on  the  first 
80  patients  for  whom  we  have  completed  this  analysis  show  that  IGF-II  mRNA  and 
protein  may  alter  the  prognosis  in  a  subset  of  patients. 

We  will  complete  the  comparative  analyses  on  the  patients  we  have  processed 
prior  to  examining  any  further  cases.  If  the  statistical  analysis  indicates  that  we  need 
more  cases  to  answer  our  initial  hypotheses,  we  will  add  cases  as  necessary.  At  the 
end  of  the  original  time  period  for  this  contract,  we  requested  an  extension,  as  we  had 
not  completed  our  analysis.  Presently,  we  have  completed  immunohistochemical  and 
in  situ  hybridization  analysis  of  300  cases. 

We  are  behind  schedule  in  logging  the  corresponding  clinical  data  for  these 
cases,  primarily  because  of  the  resignation  of  the  data  management  person  at  the 
Lombardi  Cancer  Center  who  was  responsible  for  the  maintainance  of  the  data  base 
used  for  this  analysis.  However,  at  the  present  time  we  are  completing  this  data 
analysis  in  our  own  laboratory.  All  “bench  work”  has  been  completed,  and  we  are 
actively  entering  the  corresponding  clinical  data  for  the  correlative  studies  and  statistical 
analysis.  The  data  from  these  cases  will  be  provide  sufficient  power  to  test  our 
fundamental  hypothesis  accurately.  We  regret  that  the  final  data  analysis  is  behind  our 
original  schedule  outlined  when  this  proposal  was  submitted. 


APPENDIX 


Table  3:  Relationship  between  ER/PR  status  and  IGF-II  in  situ 


IGF-II  in  situ 


0 

+ 

++ 

+++ 

+/+ 

1 

8 

10 

9 

ER/PR  status 

< 

< 

J 

19 

others 

1 

27 

10 

9 

28 

19 

X2:4.25,  p<  0.05 

Note:  "Others"  include  ER+PR-,  ER-PR+  ,  ER-PR-  breast  tumors 
Table  4;  Relationship  between  PR  and  IGF-II  in  situ 


IGF-II  in  situ 


0 

+ 

++ 

+++ 

- 

1 

25 

8 

6 

PR  status 

26 

14 

+ 

1 

10 

12 

12 

11 

24 

Note:  The  relationship  between  PR  positivity  of  epithelial  cancer  cells  and  the  intensity  of 
the  stromal  IGF-II  mRNA  expression  was  statistically  significant:  X:  7.14,  p<0.01. 
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